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tional surfactant. Also disclose is a method for using the 
chemical mechanical polishing slurry composition to re- 
move copper alloy, titanium, and titanium nitride con- 
taining layers f rom a substrate. 
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Description 

BACKGROUND OF tHE INVENTION 
5 m Field of the Invention. 

This invention concerns a chemical mechanical polishing slurry including a cornplexing agent, at least one oxidizer 
at least one abrasive, and a film forming agent. The chemical mechanical polishing slurry is useful for polishing metal 
layers and thin-films associated with semiconductor manufacturing. More particularly this invention concerns a chem- 
10 ical mechanical polishing slurry that is especially adapted for polishing multiple metal layers and thin-films where one 
of the layers or films is comprised of copper or a copper containing alloy 

(2) Description of the Art 

is integrated circuits are made up o1 millions of active devices formed in or on a silicon substrate. The active devices, 

which are initially isolated from one another, are interconnected to form functional circuits and components. The devices 
are interconnected through the use of well-known multilevel interconnections. Interconnection structures normally have 
a first layer of metallization, an interconnection layer, a second level of metallization, and sometimes a third and sub- 
sequent level of metallization. Intertevel dielectrics such as doped and undoped silicon dioxide (SiCy, are used to 

20 electrically isolate the different levels of metallization in a silicon substrate or well. The electrical connections between 
different interconnection levels are made through the use of metallized vias. U.S. Patent No. 4,789,648, which is in- 
corporated herein by reference, describes a method for preparing multiple metallized layers and metallized vias in 
insulator films. In a similar manner, metal contacts are used to form electrical connections between interconnection 
levels and devices formed in a well. The metal vias and contacts may be filled with various metals and alloys including 

25 titanium (H), titanium nitride (TiN), tantalum (Ta), aluminum copper (Al-Cu), aluminum silicon (Al-Si), copper (Cu) ( 
tungsten (W), and combinations thereof. The metal vias and contacts generally employ an adhesion layer such as 
titanium nitride (TiN) and/or titanium (Ti) to adhere the metal layer to the S*0 2 substrate. At the contact level, the 
adhesion layer acts as a diffusion barrier to prevent the filled metal and SiOg from reacting. 

In one semiconductor manufacturing process, metallized vias or contacts are formed by a blanket metal deposition 

30 followed by a chemical mechanical polish (CMP) step. In a typical process, via holes are etched through an interlevel 
dielectric (ILD) to interconnection lines or to a semiconductor substrate. Next, a thin adhesion layer such as titanium 
nitride and/or titanium is generally formed over the ILD and is directed into the etched via hole. Then, a metal film is 
blanket deposited over the adhesion layer and into the via hole. Deposition is continued until the via hole is filled with 
the blanket deposited metal. Finally, the excess metal is removed by chemical mechanical polishing, (CMP) to form 

35 metal vias. Processes for manufacturing and/or CMP of vias are disclosed in U.S. Patent Nos. 4,671 ,851 , 4,910,155 
and 4,944,836. 

In atypical chemical mechanical polishing process, the substrate is placed in direct contact with a rotating polishing 
pad. A carrier applies pressure against the backside of the substrate. During the polishing process, the pad and table 
are rotated white a downward force is maintained against the substrate back. An abrasive and chemically reactive 

40 solution, commonly referred to as a "slurry" is applied to the pad during polishing. The slurry initiates the polishing 
process by chemically reacting with the film being polished. The polishing process is facilitated by the rotational move- 
ment of the pad relative to the substrate as slurry is provided to the wafer/pad interface. Polishing is continued in this 
manner until the desired film on the insulator is removed. The slurry composition is an important factor in the CMP 
step. Depending on the choice of the oxidizing agent, the abrasive, and other useful additives, the polishing slurry can 

45 be tailored to provide effective polishing to metal layers at desired polishing rates while minimizing surface imperfec- 
tions, detects and corrosion and erosion. Furthermore, the polishing slurry may be used to provide controlled polishing 
selectivities to other thin-film materials used in current integrated circuit technology such as titanium, titanium nitride 
and the like. 

Typically CMP polishing slurries contain an abrasive material, such as silica or alumina, suspended in an oxidizing, 
so aqueous medium. For example, U.S. patent No. 5,244,523 to Yu et al. reports a slurry containing alumina, hydrogen 
peroxide, and either potassium or ammonium hydroxide that is useful to remove tungsten at predictable rates with little 
removal ofthe underlying insulating layer. U.S. Patent 5,209,816 to Yu et al. discloses a slurry comprising perchloric 
acid, hydrogen peroxide and a solid abrasive material in an aqueous medium that is useful for polishing aluminum. U. 
S. Patent 5,340,370 to Cadien and Feller discloses a tungsten polishing slurry compnsing approximately 0.1 M potas- 
ss sium f erricyanide, approximately 5 weight percent silica and potassium acetate. Acetic acid is added to buffer the pH 
at approximately 3.5. 

U.S. Patent No. 4,789,648 to Beyer et al. discloses a slurry formulation using alumina abrasives in conjunction 
with sulfuric, nitric, and acetic acids and deionized water. U.S. Patent Nos. 5,391 ,258 and 5,476,606 disclose slurries 
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and U.S. Patent No. 4.956.313 to Cote , etal L can fce ^ ^ s|urrjes 

mat^su^e aTd ^trote the we. etching process. Controlling .he chemical mechamca. pohshmg process * 

n^r*^ — The RP, « (, ^ Ste^ et 

E^e^PoLaTMeas^meote during M. C/*m^/-Mec/»«to/ Po«s^ of Copper 

Mechanical Polish (CMP) for VLSi/LSt Multilevel Interconnection Conference (CMP-MIC). Santa Barbara, Feb. 22 : 

U slng a CMP slurry including a very aggressrve etchant. Fe-nitrate. pH 1-2, « combination wrlh an 

pJ^S£d£T- First .ntemational Chemical-Mechankal Polish (CMP) for VLSI/LS Mutt evel Interconnect^ 
J T!L« £mp So Santa Barbara Feb 22-23. (1996). and Japanese Kokai Patent Application No. 8 (1996) 

?^ ^f^ZStawaiB and defect level The references disclose that CMP slurries incorporate a chemical 

^ceZTtv aSses all of the key requirements of a chemical-mechanical polishing slurry; namely metal remova 

^DeStnl debility of using a film forming mechanism in a CMP process there remains P^^^j 
lfl tin« cmp s u^hat can control the thickness of the layer of film formed as well as problems ensuring that the film 
abtaTbte X>Z p^ems can result in a CMP slurry that exhibits unacceptably tow polishing rates or poor 
^T^^Sn^M for a CMP slurry that is capable of forming a removable thin abradable layer 
^TZ^^^^^^ "»tace of a copper aHoy contacting substrate. Adesireable CMP 

and low detectivity. 

SUMMARY »P THE INVENTION 

The present Mention is directed to a chemical mechanical polishing slurry that is able to pdieh metal containing 

metal layers and particularly copper or copper alloy containing layers in an .ntegrated crcurt. 
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This invention is also a chemical mechanical polishing slurry that includes urea hydrogen peroxide as a stable 
effective oxidizing agent. 

In one embodiment, this invention is a chemical mechanical polishing slurry. The CMP slurry includes an abrasive, 
an oxidizer, a complexing agent, and a film forming agent. In one preferred embodiment, the CMP slurry includes from 

5 about 1 .0 to about 15.0 weight percent of an alumina abrasive t from about 0.3 to about 12.0 weight percent hydrogen 
peroxide, from about 0.5 to about 3.0 weight percent ammonium oxalate or tartaric acid, and from about 0.01 to about 
0.2 weight percent benzotriazole. In another preferred embodiment the CMP slurry includes 1 .0 to about 15.0 wt % 
alumina abrasive, from about 1 .0 to 12.0 wt % urea hydrogen peroxide : from 0.5 to 3.0 wt % ammonium oxalate or 
tartaric actd and from about 0.01 to about 0.2 wt % benzotriazole. All CMP slurry embodiments include deionized water 

10 as well. 

In another embodiment, this invention is a method for polishing a substrate including at least one metal layer. The 
method begins by mixing from about 1 .0 to about 15.0 weight percent of an abrasive, from about 0.3 to about 12.0 
weight percent of an oxidizer and preferably with urea hydrogen peroxide, from about 0.5 to about 3.0 weight percent 
of at least one complexing agent, from about 0.01 to about 0.2 weight percent of at least one film forming agent, and 

is deionized water to give a chemical mechanical polishing slurry. Next, the chemical mechanical polishing slurry is applied 
to the substrate. Finally, at feast a portion of the metal layer is removed from the substrate by bringing a pad into contact 
with the substrate and moving the pad in relation to the substrate. 

In still another embodiment, this Invention is a CMP slurry precursor comprising urea and at least one metal oxide 
abrasive. The CMP Slurry precursor rs combined with hydrogen peroxide in a mole ratio of urea to hydrogen peroxide 

20 of from about 0.75: 1 to about 2: 1 prior to use to give a CMP slurry. 

DESCRIPTION OF THE FIGURES 

Figure 1 shows potentiodynamic polarization curves measured on copper in solutions containing 4 weight % of 
2S ammonium persulfate and either 1 weight % glycine (curves 1 & 2) or 1 weight % ammonium oxalate (curves 3 & 4). 
Each set of curves was measured during copper surface abrasion (curves 1 & 3), and again after abrasion had ceased 
(curves 2 & 4). 

Figure 2 shows potentiodynamic polarization curves on copper in: 11% H 2 O z wt % oxidizer solution (curve 1 after 
abrasion); in electrolyte with the same oxidizer and 1 wt % glycine (curve 2, after abrasion); and in the same oxidizer 
so with I wt % ammonium oxalate (curve 3, also after abrasion). 

Figure 3 shows the reproducibility of the polishing performance. /. e„ polishing rate and within wafer non-uniformity, 
for copper using a CMP slurry of this invention comprising 5.0 wt % alumina abrasive, 11.0 wt % H2O2, 1.5 wt % 
ammonium oxalate, 0.04 wt % benzotriazole, and 50ppm wetting agent (TRITON© DF-16). 

3S DESCRIPTION OF THE CURRENT EMBODIMENT 

The present invention relates to a chemical mechanical polishing slurry that comprises an abrasive, at least one 
oxidizer, a complexing agent and a film forming agent. The chemical mechanical polishing slurry is useful for polishing 
metals, especially copper and copper alloy containing metal layers associated with a substrate selected from the group 
40 including integrated circuits, thin films, multiple level semiconductors, and wafers. 

Before describing the details of the various preferred embodiments of this invention, some of the terms that are 
used herein will be defined. Thechemical mechanical polishing slurry, ( - CMP slurry"), is a useful product of this invention 
that comprises an oxidizer, an abrasive, a complexing agent, a film forming agent, and other optional ingredients. The 
CMP slurry is useful for polishing a multiple level metallization which may include but are not limited to semi-conductor 
45 thin-films, integrated circuit thin-films, and for any other films and surfaces where CMP processes are useful. The 
terms •copper" and "copper containing alloys" are used interchangeably herein as it is within the understanding of one 
of skill in the art that the terms include but are not limited to substrates comprising layers of pure copper, copper 
aluminum alloys, and Ti/TiN/Cu t and Ta/TaN/Cu multi-layer substrates. 

The CMP slurry of this invention includes at least one oxidizer. The oxidizer aids in oxidizing the substrate metal 
so layer or layers to their corresponding oxide, hydroxide, or ions. For example, in the present invention, the oxidizer may 
be used to oxidize a metal layer to its corresponding oxide or hydroxide, e g, titanium to titanium oxide, tungsten to 
tungsten oxide, copper to copper oxide, and aluminum to aluminum oxide. The oxidizing agent is useful when incor- 
porated into a CMP slurry to polish metals and metal based components including titanium, titanium nitride, tantalum, 
copper, tungsten, aluminum, and aluminum alloys such as aluminumfcopper alloys, and Various mixtures and combi- 
ss nations thereof by mechanically polishing the metals to remove the respective oxide layer 

The oxidizer used in the CMP slurry of this invention may be selected from compounds which, upon reduction, 
form hydroxyl radicals. Such oxidizers exhibit good polishing selectivity towards metal and metal containing substrate 
layers and particularly towards copper alloy layers. Non-exclusive examples of metal oxidizing compounds that, upon 
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reduction form hydroxyl radicals include peracetic acid, urea-hydrogen peroxide, urea peroxide, and hydrogen perox- 
ide and mixtures thereof, with hydrogen peroxide and urea hydrogen peroxide being preferred oxidizers. The oxidizer 
may be present in the chemical mechanical polishing slurry in an amount ranging from about 0.3 to about 30.0 weight 
percent. It is preferred that the oxidizer is present in the CMP slurry ol this invention in an amount ranging from about 

s 0 3 to about 17.0 weight percent and most preferably from about 1.0 to about 12.0 weight percent. 

A preferred oxidizer is urea hydrogen peroxide. Because urea hydrogen peroxide is 34.5 wt % hydrogen peroxide 
and 65 5 wt % urea, a greater amount by weight of urea hydrogen peroxide must be included in CMP slurries of this 
invention to achieve the desired oxidizer loading set forth above. For example, a range of 1.0 to 12.0 weight percent 
oxidizer corresponds to a urea hydrogen peroxide weight three times as great or from 3.0 to 36.0 weight percent. 

10 A CMP slurry comprising urea hydrogen peroxide can be formulated by a number of methods including combining 

urea peroxide with water, and by combining urea and hydrogen peroxide in an aqueous solution in a mole ratio range 
of from about 0.75: 1 to about 2: 1 to give a urea hydrogen peroxide oxidizer. 

The CMP slurry of this invention also includes a film forming agent. The film forming agent may be any compound 
or mixtures of compounds that are capable of facilitating the formation of a passivation layer of metal oxides and 

is dissolution inhibiting layers on the surface of the metal layer. Passivation of the substrate surface layer is important to 
prevent wet etching of the substrate surface. Useful film forming agents are cyclic compounds such as imidazole, 
benzotriazole, benzimidazole and benzothiazole and their derivatives with hydroxy, amino, imino, carboxy, mercapto, 
nitro and alky I substituted groups, as well as urea, thiourea and others. A preferred film forming agent is benzotriazole 
("BTA*). The film forming agent should be present in the chemical mechanical polishing slurry of this invention in an 

20 amount that is capable of promoting quick, and preferably almost instantaneous formation of passivating layers and 
dissolution inhibiting layers on the substrate surface. The film forming agent should be present in the CMP slurry of 
this invention in an amount ranging from about 0.01 weight percent to about 1 .0 weight percent. It is preferred that film 
forming agent is present in the CMP slurry in an amount ranging from about 0.01 to about 0.2 weight percent. 

Once a passivation layer has formed on the substrate surface it becomes important to be able to disturb the 

2s passivation layer in order to abrade metal oxides from the substrate surface with the abrasive component of the CMP 
slurry of this invention. One class of compounds that is useful in disturbing the passivation layer are complexing agents. 
Useful complexing agents include but are not limited to acids such as citric, lactic, tartaric, succinic, acetic, oxalic and 
other acids, as well as amino acid and amino sulfuric acids and their salts. A preferred complexing agent is ammonium 
oxalate. Another preferred complexing agent is tartaric acid. 

30 The complexing agents serve at least two useful functions in the CMP slurry of this invention. The complexing 

agent distuits the passivation layer during the mechanical abrasion step without destroying the layer or inhibiting its 
formation during the abrasion step and especially after the abrasion step is complete. Secondly, the complexing agent 
is believed to form a complex with the oxidized metal and not the underlying unoxidized metal thereby limiting the depth 
ofthe oxidized layer. The complexing agent will be present in the CMP slurry of this invention in an amount ranging 

35 from about 0.5 to about 5.0 weight present and preferably in an amount ranging from about 0.5 to about 3.0 weight 
percent. 

Other well known polishing slurry additives may be incorporated into the chemical mechanical polishing slurry of 
this invention. One class of optional additives are inorganic acids and/br salts thereof which may be added to the 
polishing slurry to further improve or enhance the polishing rate of the barrier layers in the wafer, such as titanium and 

40 tantalum. Useful inorganic additives include sulfuric acid, phosphoric acid, nitric acid, HF acid, ammonium fluoride, 
ammonium salts, potassium salts, sodium salts or other cationic salts of sulfates, phosphates and fluorides. 

BTA, or other film forming agents in the CMP slurry of this invention may destabilize the uniform dispersion of 
abrasive in the slurry. In order to promote stabilization of a CMP slurry of this invention against settling, flocculation, 
and decomposition, a variety of optional CMP slurry additives, such as surfactants, stabilizers, or dispersing agents, 

45 can be used. If a surfactant is added to the CMP slurry, then it may be an anionic, cationic, nonionic, or amphoteric 
surfactant or a combination of two or more surfactants can be employed. Furthermore, it has been found that the 
addition of a surfactant may be useful to reduce the within-wafer-non-uniformity (WIWNU) of the wafers, thereby im- 
proving the surface of the wafer and reducing Wafer defects. 

I n general, the amount of additive such as a surfactant that may be used in the present invention should be sufficient 

so to achieve effective stabilization of the slurry and will typically vary depending on the particular surfactant selected and 
the nature of the surface of the metal oxide abrasive. For example, if not enough of a selected surfactant is used, it 
will have little or no effect on CMP slurry stabilization. On the other hand, too much surfactant in the CMP sluny may 
result in undesirable foaming and/or flocculation in the slurry. As a result, stabilizers such as surfactants should gen- 
erally be present in the slurry of this invention in an amount ranging from about 0.001% to about 0.2% by weight, and 

ss preferably from about 0.001 to about 0. 1 weight percent. Furthermore, the additive may be added directly to the slurry 
or treated onto the surface of the metal oxide abrasive utilizing known techniques. In either case, the amount of additive 
is adjusted to achieve the desired concentration in the polishing slurry Preferred surfactants include dodecyl sulfate 
sodium salt, sodium lauryl sulfate, dodecyl sulfate ammonium salt, and mixtures thereof Examples of useful surfactants 
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include TRITON® DF-1 6 manufactured by Union Carbide, and SURF YNOL® manufactured by Air Products and Chem- 
icals. 

The CMP slurry of this invention includes an abrasive. The abrasive is typically a metal oxide abrasive. The metal 
oxide abrasive may be selected from the group including alumina, titania, zirconia, germania, silica, ceria and matures 
5 thereof. The CMP slurry of this invention preferably includes from about t .0 to about 15.0 weight percent or more of 
an abrasive. It is more preferred, however, that the CMP slurry of this invention includes from about 3.0 to about 6.0 
weight percent abrasive. 

The metal oxide abrasive may be produced by any techniques known to those skilled in the art. Metal oxide abra- 
sives can be produced using any high temperature process such as sol-gel, hydrothermal or, plasma process, or by 

io processes for manufacturing fumed or precipitated metal oxides. Preferably, the metal oxide is a fumed or precipitated 
abrasive and, more preferably it is a turned abrasive such as fumed silica or fumed alumina. For example, the production 
of fumed metal oxides is a well-known process which involves the hydrolysis of suitable feedstock vapor (such as 
aluminum chloride for an alumina abrasive) in a flame of hydrogen and oxygen. Molten particles of roughly spherical 
shapes are formed in the combustion process, the diameters of which are varied through process parameters. These 

is molten spheres of alumina or similar oxide, typically referred to as primary particles, fuse with one another by under- 
going collisions at their contact points to form branched, three dimensional chain4ike aggregates. The force necessary 
to break aggregates is considerable. During cooling and collecting, the aggregates undergo further collision that may 
result in some mechanical entanglement to form agglomerates. Agglomerates are thought to be loosely held together 
by van der Waals forces and can be reversed, i.e., de-agglomerated by proper dispersion in a suitable media. 

20 Precipitated abrasives may be manufactured by conventional techniques such as by coagulation of the desired 

particles from an aqueous medium under the influence of high salt concentrations, acids or other coagulants. The 
particles are filtered, washed, dried and separated from residues of other reaction products by conventional techniques 
known to those skilled in the art. 

A preferred metal oxide will have a surface area, as calculated from the method of S. Brunauer, RH. Emmet, and 

2S |. Teller, J. Am. Chemical Society, Volume 60, Page 309 (1938) and commonly referred to as BET, ranging from about 
5 m 2 /g to about 430 m 2 /g and preferably from about 30m2/g to about 170 m 2 /g. Due to stringent purity requirements 
in the IC industry the preferred metal oxide should be of a high purity. High purity means that the total impurity content, 
from sources such as raw material impurities and trace processing contaminants, is typically less than 1% and pref- 
erably less than 0.01% (/.©., 100 ppm). 

30 The metal oxide abrasive useful in the dispersion of this invention may consist of metal oxide aggregates or indi- 

vidual single sphere particles. The term "particle" as it is used herein refers to both aggregates of more than one primary 
particle and to single particles. 

It is preferred that the metal oxide abrasive consists of metal oxide particles having a size distribution less than 
about 1 .0 micron, a mean particle diameter less than about 0.4 micron and a force sufficient to repel and overcome 

3$ the van der Waals forces between abrasive aggregates themselves. Such metal oxide abrasive has been found to be 
effective in minimizing or avoiding scratching, pit marks, divots and other surface imperfections during polishing. The 
particle size distribution in the present invention may be determined utilizing known techniques such as transmission 
electron microscopy (TEM). The mean particle diameter refers to the average equivalent spherical diameter when 
using TEM image analysis, La, based on the cross-sectional area of the particle. By force is meant that either the 

40 surface potential or the hydration force of the metal oxide particles must be sufficient to repel and overcome the van 
der Waals attractive forces between the particles. 

In another preferred embodiment, the metal oxide abrasive may consist of discrete, individual metal oxide particles 
having a primary particle diameter less than 0.4 micron (400nm) and a surface area ranging from about 10 rrf/g to 
about 250 rr^/g. 

45 Preferably, the metal oxide abrasive is incorporated into the aqueous medium of the polishing slurry as a concen- 

trated aqueous dispersion of metal oxides, comprising from about 3% to about 46% solids, and preferably between 
1 0% and 20% solids. The aqueous dispersion of metal oxides may be produced utilizing conventional techniques, such 
as slowly adding the metal oxide abrasive to an appropriate media, for example, deionized water, to form a colloidal 
dispersion. The dispersion is typically completed by subjecting it to high shear mixing conditions known to those skilled 

so in the art. The pH of the slurry may be adjusted away from the isoelectric point to maximize colloidal stability 

It is desirable to maintain the pH of the CMP slurry of this invention within a range of from about 2.0 to about 12.0, 
preferably between from about 4.0 to about 9.0 and most preferably from about 6.0 to about 8.0 in order to facilitate 
control of the CMP process. Slurry handling problems and substrate polishing quality problems are encountered when 
the pH of the CMP slurry of this invention is too low, e.g., less than 2. When ammonium oxalate is the complexing 

ss agent the CMP precu rsor or slurry will typically have a pH of about 7.5 so no pH adjustment may be necessary. However, 
when tartaric acid is selected as the complexing agent, the CMP precursor or slurry wiD typically have a pH of about 
2.0 and pH adjustment is preferred. 

The pH of the CMP precursors and slurries of this invention may be adjusted using any known acid, base, or amine. 
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However, the use of an acid or base that contains no metal ions, such as ammonium hydroxide and amines, or nitric, 
phosphoric, sulfuric, or organic acids are preferred to avoid introducing undesirable metal components into the CMP 
slurry of this invention. 

Although the CMP slurry of this invention may be used to polish any type of metal layer, the chemical mechanical 

5 polishing slurry of this invention has been found to have a high copper, titanium, titanium nitride, and tantalum nitrate 
and acceptable tantalum polishing rates. In addition, the chemical mechanical polishing slurry exhibits desirable low 
polishing rates towards the dielectric insulating layer. 

The CMP slurry of this invention may be produced using conventional techniques known to those skilled in the art. 
Typically, the oxidizing agent and other non-abrasive components, are mixed into an aqueous medium, such as deion- 

w ized or distilled water, at predetermined concentrations under low shear conditions until such components are com- 
pletely dissolved in the medium. A concentrated dispersion of the metal oxide abrasive, such as fumed alumina, is 
added to the medium and diluted to the desired loading level of abrasive in the final CMP slurry. 

The CMP slurries of the present invention may be supplied as one package system (oxidizing agent, abrasive, 
film forming agent and passivating agent in a stable aqueous medium). To avoid possible CMP slurry degradation, 

is however, it is preferred that at least a two package system is used where the first package comprises the film forming 
agent and any optional additives, and the second package comprises the aqueous abrasive dispersion and an oxidizer. 
The remaining component the complexing agent, may be placed in either the first container, the second container or 
in a third container. Other two-container combinations of the ingredients of the CMP slurry of this invention are within 
the knowledge of one having ordinary skill in the art. 

20 it has been Discovered that CMP slurries of this invention Including urea hydrogen peroxide can be formulated by 

adding hydrogen peroxide to a slurry precursor compnsing urea and any other useful slurry components to give a urea 
hydrogen peroxide containing CMP slurry. Formulating CMP slurries of this invention from a urea containing slurry 
precursor eliminates stability, shipping and safety concerns associated with hydrogen peroxide containing slurries. 
This is because the urea containing CMP slurry precursor can be prepared and shipped to the location where it will be 

25 used and then mixed with hydrogen peroxide available on site to give a CMP slurry including urea hydrogen peroxide. 

A preferred slurry precursor of this invention will comprise a dry or aqueous mixture of urea and at least one metal 
oxide abrasive. Additional ingredients may be incorporated into the urea containing slurry precursor including at least 
one complexing agent, at least one film forming agent, and any other additives such as surfactants that are useful in 
CMP slurries. 

30 A most preferred slurry precursor of this invention includes an aqueous dispersion of from about 2.0 to about 24.0 

wt % urea, fumed alumina, a complexing agent selected from ammonium oxalate, tartaric acid or mixtures thereof, and 
preferably tartaric acid, benzotriazole, and a surfactant in quantities disclosed above. The slurry precursor or mixtures 
thereof, will preferably have a pH of from about 4.0 to bout 9.0. 

A multi-package CMP slurry system may be used with any standard polishing equipment appropriate for use on 

35 the desired metal layer of the wafer The multi-package system includes one or more CMP slurry components in, where 
appropriate, aqueous or dry form in two or more containers. The multi-package system is used by combining the 
components from the.various containers in the desired amounts to give a CMP slurry comprising at least one oxidizing 
agent, a film forming agent, a complexing agent and at least one abrasive in the amounts described above prior to or 
at the time of the slurry to a substrate. The preferred package system comprises a first container including a CMP 

40 slurry precursor comprising alumina, urea, a complexing agent selected from ammonium oxalate, tartaric acid, and 
mixtures thereof, benzotriazole, and a surfactant at a pH from about 4.0 to about 9.0 and a second container including 
hydrogen peroxide. At the polishing location., a preselected amount of the CMP precursor and a selected amount of 
hydrogen peroxide are combined at the time of polishing to give a CMP slurry of this invention. 

The CMP slurry of the present invention does not significantly increase the silicon dioxide polishing rate. However, 

45 the CMP slurry of this invention polishes copper, titanium, titanium nitride, tantalum, and tantalum nitride layers at good 
rates under controllable conditions. Thus, the CMP slurry of this invention is effective in controlling polishing selectivities 
of titanium, copper, and titanium nitride. The polishing slurry of the present invention may be used during the various 
stages of semiconductor integrated circuit manufacture to provide effective polishing at desired polishing rates while 
minimizing surface imperfection and defects. 

so 

EXAMPLES 

We have discovered that a CMP slurry including at least one oxidizer, a complexing agent and a film forming agent 
is capable of polishing multiple metal layers comprising copper albys, titanium, and titanium nitride at high rates while 
55 exhibiting an acceptable low polishing rate towards dielectric layers. 

The following examples illustrate preferred embodiments of this invention as well as preferred methods for using 
compositions of this invention. 
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EXAMPLE 1 

Electrochemical tests are used to evaluate CMP mechanisms and to provide guidance in selection of slurry com- 
ponents. The electrochemical cell used was developed in the IBM Laboratories and is described in V Brusic et al.. 
s Corrosion And Inhibition Of Thin Line Conductors In VLSI Structures, IBM J R&D, 37, 173 (1 993), incorporated herein 
by reference. The electrochemical cell allows for the evaluation of the electrode potential and the metal dissolution 
rate of a substrate, with and without surface abrasion. The method uses a PAR model 273 potentbstar with PAR 
corrosion software. 

Figure 1 illustrates processes governing the dissolution of copper in the presence of an oxidizer, Le. t 4 weight % 

10 ammonium persulfate with either glycine (1 & 2) or ammonium oxalate (3 & 4), both present in the amount of one 
percent by weight at pH 5.1. In both cases the anodic Tafel slope is quite low, and the difference between the poten- 
tiodynamic polarization curves with and without abrasion is very small. The electrochemical cell results indicate that 
the Cu surface is not covered by an oxide film. However, copper dissolution is at least twenty times slower in the 
presence of ammonium oxalate. In a comparison to glycine, oxalate is a more effective inhibitor to copper dissolution. 

>s There is also a persistent difference in the corrosion potentials, with the potential in the ammonium oxalate being 
consistently lower than the potential measured in glycine, indicating that a preferential dissolution process would lead 
to Cu + ions while with glycine, Cu ++ ion formation is possible. 

At higher pHs, oxalate still adsorbs at the copper surface, but ammonium oxalate also acts to increase the copper 
dissolution rate through formation of Cu(NH 3 ) x + and Cu(NH 3 ) x + complexes. Figure 2 shows the dissolution and pas- 

20 sivation of copper in 11% H 2 0 2 (curve 1 , after surface abrasion), the same oxidizer with 1 weight % glycine (curve 2) 
and the same oxidizer with 1% ammonium oxalate (curve 3). Corrosion potential is bwest in the presence of ammonium 
oxalate. Although in ammonium oxalate the copper dissolution is enhanced in a comparison to peroxide alone, reaching 
about 200 nm/min during abrasion, the surface repassh/ation does occur, leading to the dissolution rate after abrasion 
of only 5.5 nm/min. The additions of small amounts of BTA assure that the passivation should occur promptly, with Cu- 

25 BTA providing an additional factor in copper dissolution control. In contrast, copper dissolution in glycine is the same 
with and without abrasion, reaching the uncontrollable values of over 300 nm/min without surface repassivation. 

EXAMPLE 2 

30 Cu and Ti wafers were polished with a CMP slurry using a Strasbaugh polisher at 3 psi down force, 45 rpm table 

speed, and 50 rpm spindle speed. The CMP slurry was formulated to vary the concentration of hydrogen peroxide, 
ammonium oxalate, benzotriazole and wetting agent as shown in Table 1. Cu and Tt removal rates were measured. 
Several rates for prior art slurries including hydrogen peroxide and glycine were also determined and reported in Table 
2. All slurries contained alumina abrasive, with 5% solids. The wetting agent used was TRITON® DF1 6 manufactured 

35 by Union Carbide Chemicals & Plastics Co., Danbury, Connecticut. 



Table 1 



Polishing rates of Cu and TI in peroxide slurries 


Peroxide (H 2 0 2 ) 


Ammonium Oxalate 


BTA 


Wetting Agent 


Cu Rate nm/min 


Ti Rate nm/mln 


7% 


0% 


0 


50 ppm 


21.7 


80.6 


7% 


0.5% 


0 


50 ppm 


278 


30.7 


11% 


0.5% 


0 


10 ppm 


251.7 


25.4 


11% 


1.0% 


0 


10 ppm 


402.9 


80.4 


9% 


1.0% 


0.04% 


30 ppm 


170.7 


94.1 


7% 


1.5% 


0.08% 


10 ppm 


304.7 


108.6 



so 



Table 2 



Peroxide (H 2 O a ) 


Glycine 


BTA 


Wetting Agent 


Cu Rate nm/min 


TI Rate nm/min 


11% 


0.1% 


0 


0 


52.8 


101.4 


8% 


1.1% 


0 


25 ppm 


493.7 


75.6 


11% 


2.1% 


0 


0 


778.3 


53.4 
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nm/min and a [Cu:Ti] selectivity of at most 4:1 
5 EXAMPLE 3 

tainirg 110 V..19M hydrogen 

and snows good wafer to wafer uniformity 
15 EXAMPLE 4 

This Example compares the effectless of urea hydrogen peroxide and hydrogen peroxide as useful CMP oxi- 

of active peroxide. The results are reported in Table 3 below. 

Table 3 



30 



ss 



40 



46 



Stability Study of Slurries A and B 




Active H 2 0 2 % 


PH 




Slurry A 


Slurry B 


Slurry A 


Slurry B 




HP 


UHP 


HP 


UHP 


0 weeks 


3.36 


3.28 


3.50 


3.55 


1 weeks 




3.30 




3.48 


2 weeks 


285 




3.62 




3 weeks 




3.24 




3.52 


5 weeks 




3.12 




3.49 


7 weeks 


1.82 




3.54 






-0.22 


-0.03 


0.006 


-0.012 



SO 



ss 



The test results indicate that the active peroxide in the slurry including hydrogen peroxide degrades at a much faster 

chemical mechanical poHshing slurry in an amount rang.ng from about 1 ^^^^^^^^ perce nt 
that urea hydrogen peroxfcte is present in the slurry in an amount rangtng from about 3.0 to about 17.0 weight p 
and most preferably from about 5.0 to about 12.0 weight percent. 

EXAMPLE 5 

Theeffectivenessc^^ 

inthis Example. The slurries described in Table J^^rS^SSS^a^ 
a IC1000/SUBA IV pad stack manufactured by Rodel, Inc. at 5 psi down torce. a iao. B *v 
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speed of 60 rpm. Each slurry included 5.0 wt % alumina abrasive. The wetting agent used was TRITON® DF- 1 6 
The Cu and Ti polishing rates are reported in Table 4. 



Table 4 





Polishing rates of Cu and Ti In urea-peroxide slurries 


Urea- peroxide 


Ammonium oxalate 


BTA 


Wetting agent 


Cu rate nm/min 


TI rate nm/min 


5.65% 


0% 


0% 


0% 


9.5 


260.7 


5.65% 


1% 


0% 


50 ppm 


796.3 


249.4 


5.65% 


1% 


0.08% 


50 ppm 


673.5 


271.0 



The polishing results indicate that CMP slurries of this invention are capable of achieving preferred Cu and Ti 
polishing rates of over SOOnnVmin and a Cu:Ti selectivity ratio of less than 2.5. 

EXAMPLE 6 



This example evaluated the effectiveness of CMP polishing slurries comprising a polishing slurry precursor and 
hydrogen r*rox.de copper polishing. The slurries described in Table 5, below, were prepared by combining an aqueous 
rr^I^ 3 Uny P recursor consisting of 5 wt % alumina, urea, ammonium oxalate. BTA, and wetting agent 
(TRITON®DF-16) with a 30 wt % solution of H202. The resulting CMP slurries were applied to Cu wafers on a IPEC 
472 polisher using a IC1000/SUBA 500 pad stack manufactured by Ftodel, Inc., at 5 psi down force, a table speed of 
40 rpm and a spindle speed of 60 rpm. The Cu polishing rates are reported in Table 5, below 



Urea 


Ammonium Oxalate 


BTA 


Wetting agent 


Hydrogen peroxide (30%) 


Cu rate nm/min 


0% 


1% 


0.08% 


50 ppm 


6.67% 


572.7 


3.65% 


1% 


0.08% 


50 ppm 


6.67% 


508.3 


7.3% 


1% 


0.08° 


50 ppm 


6.67% 


506.5 



Results indicate that CMP slurries of this invention are capable of achieving preferred Cu (and Ti) polishing rates of 
over 500 nm/min and Cu:Ti selectivity ratio of less than 2.5. Useful slurries may be prepared either with a solid urea- 
peroxide as an oxidizer as shown in Table 4 of Example 5 or by combining liquid hydrogen peroxide (packaged as 30% 
solution), with a CMP slurry precursor compnsing solid urea as shown in Table 5. 



EXAMPLE 7 



This example evaluated the effectiveness of CMP polishing slurries comprising tartaric acid and ammonium oxalate 
on copper, tantalum, and PTEOS polishing. Two slurries were prepared by combining ingredients to give a CMP slurry 
including 3 wt% alumina 3.65 wt% urea, 2.0 wt% hydrogen peroxide, 50 ppm Triton DF-16 surfactant, and 0 04 wt% 
benzotriazole. Slurry 1 included 1 .0 wt% ammonium oxalate while slurry 2 included 3.0 wl% tartaric acid The pH of 
the .ammonium oxalate containing slurry was naturally 7.5, the pH of the tartaric acid containing slurry was adjusted 
to 7.5 by the addition ol ammonium hydroxide to the slurry. 

Both CMP slurries were applied to Cu. Ta, and PETOS wafers on a IPEC 472 polisher using a IC1000/SUBA 500 
pad stack manufactured by Rodel, Inc., at 3 psi down force, a 2 psi back pressure, a table speed of 55 rpm and a 
spindle speed of 30 rpm. The polishing rates are reported in Table 6, below. 



Slurry 


Cu Removal Rate (A/mln) 


Ta Removal Rate (AAnin) 


PTEOS Removal Rate- (A/mln) 


1 


4485 


345 


80 


2 


3746 


208 


67 



The polishing rates of the tartaric acid containing polishing slurry are slightly lower than the rates of the ammonium 
oxalate containing slurry. However, the tartaric acid containing CMP slurry is more passivating than the ammonium 
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oxalate 



containing slurry thereby providing stronger corrosion control. 



10 



15 



20 



EXAMPLE 8 

the measured corrosion rates. 



Slurry 


complexing agent 


BTA 


PH 


Corrosion rate AAnln 


1 


1% amm.oxalate 


0% 


7.5 (natural) 


48 


2 


1%arrmoxalate 


0.4% 


7.5 (natural) 


1.54 


3 


1% tartaric add 


0% 


7.5 (W/NH4OH) 


20 


4 


1% tartaric acid 


0,4% 


7.5 (W/NH4OH) 


0.6 


5 




0.4% 


7.5 (w/TMAH) 


0.5 



The corrosion data indicates that tartarc acfcJ towers the Cu corrosion rate in an prison with ammonium 
oxaiae Trate further reduced in the presence oftetraalkyl ammon.um hydroxde. 



, 5 Claims 

1 . A CMP slurry precursor composition comprising urea and at least one metal oxide abrasive. 

2. The composition of claim 1, further including a film forming agent. 

10 3 The composition of claims 1 or 2, further including a complexing agent. 

0.1 weight percent of a surfactant. 

6 Thecompc^cla^^^ 
40 ' tartaric acid and from about 0.1 to about 0.2 weight percent benzotriazole. 

7. The composition of claims 1 -4 or 6, wherein the composition has a pH from about 5 to about 8. 

8. The composition of claims 1-4 or 6-7, vmerein the compost further includes from about 0.001 to about 0.1 
weight percent of a surfactant. 

9. A chemical mechanical polishing slurry composition comprising: 



so 



an abrasive; 
at least one oxidizer; 
a complexing agent; and 
a film forming agent 



1 0. A chemical mechanical polishing slurry composition comprising: 



an abrasive; 

urea hydrogen peroxide; 
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a complexing agent; and 
a film forming agent. 



12. The composition of claims 3-11. wherein the complexing agent is ammonium oxalate. 

C,8imS ^ amm0niUm 0X3,3,6 IS Pr6Sent in '™ 0 5 * about 

14. A chemical mechanical polishing slurry composition comprising: 
an abrasive; 

urea hydrogen peroxide; 
tartaric acid; and 
a film forming agent. 

16. The composition of claims 2-15. wherein the film forming agent is benzotriazole. 

1? ' p^cer P ° 8ttl0n 01 ^ benZOWazote fe in « amourt between 0.01 to about 0.1 weight 

1 8. The composition of claim 9. wherein the oxidizer is a compound that forms hydroxy, radicals upon reduction. 

19 :rhXrpero^ 
"-is 

21. The composition of claims 9-20. wherein the abrasive is at least one metal oxide. 

^^1^ °! C,8i r 1 * 21 : Wherei " the metal ° Xide ataBl " 18 selected *«n the group including alumina 
cena. germania. silica. Mania, zirconia, and mixtures thereof. i»wuwng aiumina, 

23. The composttion of claims 1 -22. wherein the abrasive is an aqueous dispersion of a metal oxide. 

26. The composaion of claims 1 -25. wherein the abras^e has a surface area ranging from about 5 rrfVg to about 430 

27. The composition of claim 26. wherein the abrasive has a surface area of from about 30 m*/g to about 1 70 rrf/g. 

29. The composition of claims 1 -28. wherein the composition has a pH of from about 2 to about 12. 
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30. The composition of claim 29, wherein the composition has a pH of from about 4 to about 9. 

31. The composition of claim 30. wherein the composition has a pH of from about 5 to about 8. 

32. A chemical mechanical polishing slurry composition comprising: 

an abrasive; 

an oxidizing agent selected From the group consisting of hydrogen peroxide, 
urea hydrogen peroxide, and mixtures Ihereof; 
ammonium oxalate; and 
benzotriazole. 

33. The composition of claim 32. wherein the composition comprises: 

from about 1 .0 to about 1 5.0 weight percent of an metal oxide abrasive; 

from about 0.3 to about 12.0 weight percent hydrogen peroxide or urea hydrogen peroxide; 

from about 0.5 to about 3.0 weight percent ammonium oxalate; and benzotriazole. 

34. The composition of claims 32 or 33, wherein the benzotriazole is present in an amount ranging from about 0.01 
to about 0.2 weight percent. 

35. The composition of claims 32-34, wherein the abrasive is alumina. 

36. A chemical mechanical polishing slurry composition comprising: 

an abrasive; 

urea hydrogen peroxide; 

from about 0.5 to about 3.0 weight percent ammonium oxalate; and 
from about 0.01 to about 0.2 weight percent benzotriazole. 

37 The composition of claim 36, wherein said composition includes from about 1 .0 to about 15.0 weight percent of 
* an alumina abrasive and from about 0.3 to about 12.0 weight percent urea hydrogen peroxide. 

38. A chemical mechanical polishing slurry composition comprising: 

from about 1 .0 to about 15.0 weight percent of an alumina abrasive; 
from about 0.3 to about 12.0 weight percent urea hydrogen peroxide; 
from about 0,5 to about 3.0 weight percent a tartaric acid; and 

from about 0.01 to about 0.2 weight percent benzotriazole, the composition having a pH of from about 4.0 and 

o 9,0. 

39. The composition of claims 1 -4, 6-7 or 9-38, which further includes at least one surfactant. 

40. A method for polishing a substrate including at least one metal layer comprising the steps of: 

(a) admixing the composition of claims 1 -8 or 21 -28 and deionized water to form a chemical mechanical pol- 
ishinq slurry precursor composition; . , . . . 

(b) admixing the precursor composition of step (a) with hydrogen peroxide to form a chemical mechanical 

polishing slurry composition; L ± 4 , 

Z applying the chemical mechanical polishing slurry composition of step (b) to the substrate; and 
(d) removing at least a portion of the metal layer from the substrate by bringing a pad into contact with the 
substrate and moving the pad in relation to the substrate. 

41 The method of claim 40. wherein the hydrogen peroxide of step (b) is admixed with the precursor composition of 
step (a) at a ratio from about 0.75 motes of urea to 1 mote of hydrogen peroxide to about 2 moles of urea to about 
1.0 moles of hydrogen peroxide. 

42. A method for polishing a substrate comprising the steps of: 



s 



so 



ss 
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(a) applying the chemical mechanical polishing slurry composition of claims 9-39 to the substrate and 

<b) rernc^ng at leas, a portion o» the meta. layer from the substrate by bringing a pad into^ontecTwith the 

substrate and moving the pad in relation to the substrate. 

5 43. Themethodofclaims40-42. wherein the substrate includes a copper alloy containing layer. 

46. A chemical mechanical polishing composition multi-package system comprising: 

(a) a first container comprising the composition of claims 1 -8 or 21 -28 

(b) a second container comprising hydrogen peroxide. 

47. A chemical mechanical polishing composition multi-package system comprising. 

(a) a first container including a film forming agent and a complexing agent 

(b) a second container comprising an oxidizing agent; and 
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(54) Chemical mechanical polishing slurry useful for copper substrates 



(57) A chemical mechanical polishing slurry com- 
prising a film forming agent, an oxidizer such as urea 
hydrogen peroxide, a complexing agent such as ammo- 
nium oxalate or tartaric acid, an abrasive, and an op- 



tional surfactant. Also disclose is a method for using the 
chemical mechanical polishing slurry composition to re- 
move copper alloy, titanium, and titanium nitride con- 
taining layers from a substrate. 
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